Recent evidence suggests that there is etiologic heterogeneity among the various subtypes of lymphoid neoplasms. However, epidemiologic analyses by disease subtype have proven challenging due to the numerous clinical and pathologic schemes used to classify lymphomas and lymphoid leukemias over the last several decades. On behalf of the International Lymphoma Epidemiology Consortium (InterLymph) Pathology Working Group, we present a proposed nested classification of lymphoid neoplasms to facilitate the analysis of lymphoid neoplasm subtypes in epidemiologic research. The proposed classification is based on the World Health Organization classification of lymphoid neoplasms and the International Classification of Diseases-Oncology, Third Edition (ICD-O-3). We also provide a translation into the proposed classification from previous classifications, including the Working Formulation, Revised European-American Lymphoma (REAL) classification, and ICD-O-2. We recommend that epidemiologic studies include analyses by lymphoma subtype to the most detailed extent allowable by sample size. The standardization of groupings for epidemiologic research of lymphoma subtypes is essential for comparing subtypespecific reports in the literature, harmonizing cases within a single study diagnosed using different systems, as well as combining data from multiple studies for the purpose of pooled analysis or metaanalysis, and will probably prove to be critical for elucidating etiologies of the various lymphoid neoplasms. (Blood. 2007;110:695-708)
Introduction
Lymphoid neoplasms, including lymphoma, myeloma, and lymphoid leukemia, arise from the malignant transformation of normal lymphoid cells at various stages of differentiation. Together, lymphoid neoplasms comprise the sixth most common group of malignancies worldwide in men and women. 1 Although some lymphoid neoplasms have been linked to certain infections and severe immunosuppression, the etiologies of most lymphoid neoplasms remain largely unknown, and evidence from descriptive and analytical epidemiologic studies increasingly points to etiologic heterogeneity among the lymphoid neoplasm subtypes. 2, 3 Changes in our understanding of lymphoid neoplasms have resulted in the evolution of numerous clinical and pathologic classification schemes over the past 50 years, particularly for non-Hodgkin lymphomas (NHL). [4] [5] [6] [7] Throughout much of this time, lymphomas were categorized predominantly by morphology according to the Rappaport classification, 8 by morphology and clinical prognosis according to the Working Formulation, 9 or by cell clinical features are used to distinguish the various NHL subtypes. Some lymphomas and corresponding lymphoid leukemias are recognized as different phases (solid and circulating, respectively) of the same disease entity. Importantly, the WHO classification represents a consensus classification for clinical and pathologic use and has been adopted worldwide, including the incorporation of WHO terminology into ICD-O-3. 19 Implementation of the WHO classification in epidemiologic research has been slow, however, for several reasons. First, current analyses of many studies include cases diagnosed prior to the WHO classification and, thus, classified according to various older schemes, but there is no standard for translating from these historical classifications. Second, the WHO classification stratifies lymphoid neoplasms into approximately 40 categories, precluding analysis of individual WHO subtypes for all but the most common disease entities due to a lack of adequate sample size in many individual studies. Finally, it is not clear whether the WHO definitions of individual lymphoid neoplasm subtypes are optimal for discovering the elusive etiologies of these diseases. Recent studies suggest that some risk factors are related to specific lymphoma subtypes, 3, [20] [21] [22] [23] whereas other risk factors appear to be related to multiple subtypes 24, 25 or to virtually all lymphomas, 26 yet there exists no standard methodology for combining various disease entities for epidemiologic research.
To overcome these obstacles and, thereby, facilitate the analysis of lymphoid neoplasm subtypes in epidemiologic research, we propose a nested classification for the study of lymphoid neoplasms that is based on the WHO classification and provides a translation from previous classifications.
Materials and methods
The Institutional Review Board at each institution where cases were identified approved the protocols for each study.
Development of a nested classification
The proposed nested classification, based on the WHO classification, was developed by the Pathology Working Group of the International Lymphoma Epidemiology Consortium (InterLymph) (http://epi.grants.cancer.gov/ InterLymph/). InterLymph is an open organization of international investigators conducting epidemiologic research on lymphoid neoplasms. The Pathology Working Group within InterLymph is composed of expert hematopathologists, epidemiologists, and other investigators with an interest in disease classification.
Originally, 3 nested classification schemes from individual studies (contributed by M. M. from the European multicenter case-control study EPILYMPH, L.M.M. and D.D.W., 2 and W.C. and D.D.W.) were combined to develop a comprehensive WHO-based nested classification for all lymphoid neoplasms. The hierarchical groupings within this classification were defined by numerous parameters, including morphology, immunophenotype, genotype, stage of differentiation, and clinical features, including the site of occurrence. A hierarchical design was chosen for the proposed classification in order to explore etiologic similarities and differences among lymphoma subtypes, as defined by the various class parameters. 27 The proposed nested classification was circulated to all Pathology Working Group participants, who submitted comments and questions for discussion via e-mails, conference calls, and the InterLymph annual meetings in July 2005 and March 2006 until a consensus classification was reached.
Although we considered addressing immunodeficiency disorders using our nested classification approach, because of the complex nature of the relationship between the broad array of immunodeficiency conditions and lymphoid neoplasms, we decided to exclude consider-ation of the special problems posed by immunodeficiency disorders in our proposed classification scheme.
Descriptive analyses
In order to estimate the incidence of lymphoid neoplasm subtypes within the proposed nested classification, descriptive analyses were conducted using population-based data from the US National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) cancer registries. 28 and Atlanta, GA), the remainder of California, rural Georgia, and the Alaska Native Tumor Registry. 29 The combined population from these regions is approximately 78% white, 11% black, 9% Asian, and 1% American Indian/ Alaska Native, and accounts for 26% of the total US population. 30 For each newly identified case of a lymphoid neoplasm, SEER registries report patient demographic data, information on the tumor subtype using the WHO terminology and ICD-O-3, 19 primary site, clinical behavior, and immunophenotype (B cell, T/natural killer [NK] cell, or unknown). The distribution of lymphoid neoplasms within each hierarchical category of the proposed nested classification was described by computing for each category the number of cases and incidence rate using SEER*Stat software, version 6.2.3 (National Cancer Institute, Bethesda, MD). 31 Incidence rates, computed by aggregating county resident population estimates from the US Census Bureau, were directly age adjusted to the 2000 US standard population and are expressed per 100 000 person-years. 28
Incorporation of historical classifications
Incorporating historical classifications into the proposed classification is essential for the analyses of lymphoma subtypes from epidemiologic studies conducted before 2001 when the WHO classification was introduced, comparing subtype-specific reports in the literature, harmonizing cases within a single study diagnosed during different time periods and classified in different systems, as well as combining data from multiple studies for the purpose of pooled analysis or meta-analysis. We therefore provide a translation into the proposed classification from ICD-O-2, the REAL classification, and the Working Formulation.
ICD-O-2.
Categories of the ICD-O-2 15 were translated into the proposed nested classification using the SEER ICD-O-2 to ICD-O-3 conversion algorithm. 14 The reliability of this conversion algorithm has been evaluated previously. 32 Conversion from ICD-O-2 is more valid for cases diagnosed after 1995, when additional ICD-O-2 codes for marginal zone lymphomas were added, than for cases diagnosed before 1995. ICD-O-1 codes may be translated to ICD-O-2 for cases diagnosed before 1992, 33 but the reliability of this translation has not been evaluated.
REAL classification. Because the WHO classification was largely based on the REAL classification, REAL categories could be directly translated into the proposed nested classification scheme, with 2 exceptions. The REAL provisional entity, "high-grade B-cell lymphoma, Burkitt-like," is heterogeneous, including Burkitt lymphoma with atypical morphology and diffuse large B-cell lymphoma (DLBCL) with high-grade histology, 13, 34 and it was not included as a separate category in the WHO classification. 18 As suggested in the WHO classification, this REAL category will only be accepted as Burkitt lymphoma in the nested classification if strict criteria are met ( Table 3 ). The REAL provisional entity, "anaplastic large cell lymphoma, Hodgkin-like," also was not included as a separate category in the WHO classification because it includes cases of both Hodgkin lymphoma and anaplastic large cell lymphoma; this entity is included in the nested classification as lymphoid neoplasm, not otherwise specified (NOS), unknown lineage.
Working Formulation. Categories of the Working Formulation were translated into the proposed nested classification using data from 4 studies. [34] [35] [36] [37] [38] In each study, cases were classified according to both the Working Formulation and the REAL/WHO classification. Agreement between Working Formulation categories and lymphoid neoplasm subtypes in the nested classification was assessed by computing the positive predictive value (PPV) for all groups with at least 5 cases. 39 In the first study (A), participants included 694 cases of NHL recruited for a population-based epidemiologic study in Australia during 2000 to 2001. 37, 38 The Working Formulation category was assigned to each case from the morphologic description in the original pathology report, which was reviewed by an anatomical pathologist with an interest in hematopathology. The immunophenotype was ignored for this exercise. A WHO category was then assigned to each case by the same pathologist after review of all the pathology reports (including immunophenotype, available in 96% of cases), and review of slides and further immunostains for a subset of 315 cases. In another study (B), participants included 601 cases of NHL recruited for a population-based epidemiologic study in Connecticut during 1995 to 2001. 35 Pathology reports and materials were reviewed independently by 2 pathologists with an interest in hematopathology, and cases were classified by Working Formulation and REAL classification categories. Disagreements were resolved by joint review. In the third study (C), 1375 cases of NHL identified consecutively during 1988 to 1990 in 9 institutions from 8 countries were used for evaluation of the clinical relevance of the REAL classification. 34 Our analysis of this study includes separate data from 2 expert hematopathologists (D.D.W. and B. N. Nathwani, University of Southern California, Los Angeles, CA), who independently reviewed pathology reports and slides and classified cases by the Working Formulation and REAL classification categories. In the fourth study (D), participants included 670 cases of NHL recruited for 2 clinical trials during 1985 to 1991. 36 During the trials, cases were assigned a Working Formulation category by an expert hematopathologist. Pathology materials were re-examined during 1994 to 1995, and a REAL classification category was assigned by 2 expert hematopathologists. Immunophenotype was available in 71% of cases, and mandatory only in the diagnosis of T-cell lymphoma and anaplastic large-cell lymphoma. Cases from each of the 4 studies were predominantly white (70%-95%).
Although the availability of immunophenotype data for cases is known to substantially improve the diagnosis of numerous lymphoma subtypes, 34 it is not known whether the incorporation of immunophenotype data would improve the translation of the Working Formulation categories into the proposed nested classification. We therefore also computed the PPV between Working Formulation categories and lymphoid neoplasm subtypes in the nested classification by immunophenotype. Figure 1 schematically presents our proposed nested classification of lymphoid neoplasms for use in epidemiologic research. The ICD-O-3 codes corresponding to each WHO subtype are presented in Table 1 . Hierarchical group 1 defines the scope of this nested classification, including all malignant neoplasms of lymphoid origin. Similar to the WHO classification, the proposed nested classification first distinguishes Hodgkin lymphomas from all other malignant lymphoid neoplasms (hierarchical group 2).
Results

Proposed nested classification
Among the Hodgkin lymphomas, hierarchical group 3 distinguishes classic Hodgkin lymphoma from nodular lymphocyte predominant Hodgkin lymphoma. In studies with sufficient sample size, classic Hodgkin lymphomas can be further classified as lymphocyte-rich, mixed cellularity, lymphocyte-depleted, and nodular sclerosis subtypes (hierarchical groups 4 and 5). The subcategorization of classic Hodgkin lymphoma was driven by evidence that the categories are epidemiologically meaningful. Specifically, the incidence of mixed cellularity classic Hodgkin lymphoma is higher among males than females and peaks at ages older than 75 years, and the risk is highest among those with low socioeconomic status; in contrast, the incidence of nodular sclerosis classic Hodgkin lymphoma is similar among males and females and peaks at 15 to 34 years of age, and the risk is highest among those with high socioeconomic status. 2, 20 Among the NHLs, similar to the WHO classification, the proposed nested classification distinguishes among B-cell NHL, T-cell NHL (including NK-cell NHL), and NHL of unknown cell lineage (hierarchical group 3). These categories are then classified by stage of differentiation into mature B-cell NHL, mature T-cell NHL, and precursor cell NHL (ie, lymphoblastic leukemia/ lymphoma; hierarchical group 4). Finally, the mature B-and T-cell NHLs are further characterized based on similarities in morphologic, genotypic, and clinical features into major NHL subtypes (hierachical group 5) and more detailed NHL subtypes (hierarchical group 6). In level 5 of the T-cell neoplasm category, we separated several entities that present with leukemic/disseminated disease ( 
Incidence of lymphoid neoplasm subtypes as defined by the proposed nested classification
During 2001 to 2003, a total of 71 762 lymphoid neoplasms was diagnosed among residents of the 17 SEER registries (Table 2) , of which 87.8% were NHL, 8.5% were Hodgkin lymphoma, and 3.7% were composite NHL/Hodgkin lymphoma or NOS (hierarchical group 2).
The vast majority (96.7%) of the 6103 Hodgkin lymphomas diagnosed were classic Hodgkin lymphomas, with nodular lymphocyte predominant Hodgkin lymphoma accounting for the remaining diagnoses (3.3%) (hierarchical group 3). The classic Hodgkin lymphomas included nodular sclerosis type (64.5%), lymphocyterich/mixed cellularity/lymphocyte-depleted types (18.6%), and cases not otherwise specified (16.9%) (hierarchical group 4).
Among the 62 982 NHLs, B-cell NHL accounted for 90.4%, T-cell NHL 6.8%, and NHL of unknown cell lineage 2.8% (hierarchical group 3). Regardless of cell lineage, precursor NHL was a small percentage of NHL (6.0%) (hierarchical group 4). The major NHL subtypes (hierarchical group 5) of mature B-cell origin consisted of CLL/SLL/PLL/MCL (19.4%), lymphoplasmacytic lymphoma (LPL)/Waldenström macroglobulinemia (2.1%), DLBCL (23.1%), Burkitt lymphoma/leukemia (1.4%), marginal zone lymphoma (5.7%), follicular lymphoma (12.0%), hairy cell leukemia (1.0%), and plasma-cell neoplasms (18.3%), whereas the major NHL subtypes of mature T-cell origin consisted of mycosis fungoides/Sézary syndrome (1.5%), peripheral T-cell lymphoma (3.8%), and several other rare subtypes (0.4%).
Incorporation of historical classifications
ICD-O-2.
The ICD-O-2 codes corresponding to each WHO subtype and the proposed nested classification groupings are presented in Table 1 . The ICD-O-2 codes included in each grouping were derived from the SEER ICD-O-2 to ICD-O-3 conversion algorithm, 14 the reliability of which has been evaluated previously. 32 REAL classification. Cases classified using the REAL classification were grouped into the proposed nested classification based on the close relationship between the disease definitions in the REAL and WHO classifications (Table 3) , with the exception of the provisional REAL categories "high-grade B-cell lymphoma, Burkittlike" and "anaplastic large cell lymphoma, Hodgkin-like," as explained in "Materials and methods, REAL classification."
Working formulation. Cases classified using the Working Formulation were translated into the proposed nested classification using data from 4 studies (Tables 4-6; Tables S1-S5 , available on the Blood website; see the Supplemental Materials link at the top of the online article). These data suggest that the lymphoblastic lymphomas (Working Formulation category I) can be reliably designated as precursor lymphoid neoplasms and, thus, be distinguished from mature NHLs (overall reliability in the 4 studies, 90.4%; n ϭ 83).
Immunophenotyping was not routinely performed during the Working Formulation era; therefore, T-cell lymphoid neoplasms cannot be distinguished for most cases classified in the Working Formulation. However, because approximately 90% of NHLs among whites are of B-cell origin, most cases classified in the Working Formulation in studies of white populations can be reliably designated as B-cell NHLs ( Table 4 ). Our data from the 4 studies combined ( Table 6) show that the reliability of assuming all cases to be of B-cell origin was 97.1% for small lymphocytic lymphoma (A), 97.1% for follicular lymphoma (B-D), 82.8% for diffuse small cleaved cell lymphoma (E), 92.3% for diffuse large cell lymphomas (G), and 96.9% for small noncleaved cell lymphoma (J). Assuming all cases to be of B-cell origin was much less reliable for diffuse mixed small and large cell lymphoma (F) (50.3%) and immunoblastic lymphoma (H) (61.5%).
Cases classified into certain Working Formulation categories can be further classified into some of the specific mature B-cell NHL subtypes in the proposed nested classification ( Table 4 ). The most consistent relationships occurred for translation of follicular lymphomas (B-D), which maintain the same designation of follicular lymphoma in the proposed nested classification (overall reliability, 88.9%; n ϭ 1381), and diffuse large cell lymphomas (G) into DLBCL (overall reliability, 88.2%; n ϭ 1165). Small noncleaved cell lymphomas (J) could be translated into the REAL combined categories of Burkitt lymphoma/leukemia and high-grade B-cell lymphoma, Burkitt-like (overall reliability, 90.6%; n ϭ 159). However, the reliability of translation into the specific category of Burkitt lymphoma was substantially lower (22.0% for one pathologist and 21.8% for the other in study C, the only study with sufficient sample size for detailed analysis). Therefore, we require that small noncleaved cell lymphoma should be coded as Burkitt lymphoma only if the growth fraction is nearly 100% and the lymphoma is B-cell phenotype, CD10 ϩ and Bcl2 Ϫ , with proven or strong presumptive evidence of MYC translocation; otherwise, cases should be coded as DLBCL. Without these data, cases of small noncleaved cell lymphoma cannot be classified beyond mature B-cell NHL. Lower reliability was also observed for translation of immunoblastic lymphomas (H) into DLBCL (overall reliability, 60.9%; n ϭ 447) and small lymphocytic lymphoma (A) into the combined grouping of CLL/SLL/PLL/MCL (overall reliability, 57.3%; n ϭ 513). Diffuse small cleaved cell lymphoma (E) and diffuse mixed small and large cell lymphoma (F) were too heterogeneous for translation into a specific mature B-cell NHL subtype in the proposed nested classification.
The availability of basic immunophenotype data (ie, B-cell and T-cell typing only) for cases substantially improved the translation of certain Working Formulation categories into the proposed nested classification ( Table 5 ). In particular, immunophenotype data improved the translation of B-cell immunoblastic lymphomas (H) into DLBCL (overall reliability, 98.9%; n ϭ 275) and allowed for the identification of T-cell immunoblastic lymphomas (H) as peripheral T-cell lymphoma (overall reliability, 88.1%; n ϭ 159). The incorporation of immunophenotype data resulted in much smaller improvements for those Working Formulation categories that could be reliably translated without immunophenotype data. Specifically, the translation of B-cell follicular lymphomas (B-D) into follicular lymphoma improved from 88.9% to 91.6%, and translation of B-cell diffuse large-cell lymphomas (G) into DLBCL improved from 88.2% to 95.5% (Table 6 ). Immunophenotype data also allowed the identification of diffuse large T-cell lymphomas (G) as peripheral T-cell lymphomas (overall reliability, 62.8%; n ϭ 43), although diffuse large T-cell lymphomas were very rare (Ͻ 5%) in comparison with those of B-cell origin. Immunophenotype data also allowed for the identification of diffuse mixed small and large T-cell lymphomas (F) as peripheral T-cell lymphoma (overall reliability, 90.3%; n ϭ 62); diffuse mixed small and large T-cell lymphomas accounted for more than one-third of the lymphomas in category F.
Immunophenotype data did not improve the translation of small lymphocytic lymphoma (A) into the proposed nested classification because this category was largely composed of CLL/SLL/PLL/ MCL (57.3%), the marginal zone lymphomas (25.3%), and LPL/ Waldenström macroglobulinemia (13.6%), all mature B-NHL subtypes. Similarly, immunophenotype data did not resolve the heterogeneity of the Working Formulation categories of B-cell and T-cell diffuse small cleaved cell lymphoma (E) or diffuse mixed small and large B-cell lymphoma (F), because these categories are also composed of several mature NHL subtypes.
Discussion
On behalf of the Pathology Working Group of the InterLymph Consortium, we present a proposed nested classification for the analysis of lymphoid neoplasm subtypes in epidemiologic research. Our proposal has 3 critical elements. First, the proposed classification is based on the new WHO classification, which is the first consensus classification that has been adopted worldwide. Second, the proposed classification is nested with hierarchical groupings defined according to clinical and pathologic features, which is critical for subtype-specific analyses within epidemiologic studies of limited sample size. Finally, the proposed classification provides a translation from previous lymphoma classifications, allowing for subtype analyses of cases from epidemiologic studies conducted prior to 2001 when the WHO classification was introduced. The standardization of groupings for epidemiologic analysis of lymphoma subtypes is essential for comparing subtypespecific reports in the literature, harmonizing cases within a single study classified in different systems, as well as combining data from multiple studies for the purpose of pooled analysis or meta-analysis, 21, 25 and thereby will probably prove to be critical for elucidating the etiologies of various lymphoid neoplasms.
We propose that most large epidemiologic studies focus their analyses on the major NHL subtypes as defined by hierarchical group 5, and the major Hodgkin lymphoma subtypes as defined by hierarchical groups 3 and 4 (nodular lymphocyte predominant, nodular sclerosis, and lymphocyte-rich/mixed cellularity/lymphocyte-depleted Hodgkin lymphoma). Pooled analyses, metaanalyses, and individual studies with sufficient sample size should further examine risk factors associated with more specific subtypes.
Incorporation of historical classifications
The translation from previous lymphoma classifications into the proposed nested classification is particularly important for harmonizing lymphoid neoplasm subtype definitions from epidemiologic studies with cases diagnosed during different time periods and classified in different systems. In particular, numerous case-control studies have been conducted in recent years in an effort to explain the rising rate of NHL observed over the last half-century, and a *Conversion from ICD-O-2 is more valid for cases diagnosed after 1995, when additional ICD-O-2 codes for marginal-zone lymphomas were added, than for cases diagnosed before 1995. ICD-O-1 codes can be converted to ICD-O-2 using a SEER conversion algorithm. 33 †Lymphoplasmacytic lymphoma and Waldenströ m macroglobulinemia are recognized as a single entity in the WHO classification; however, Waldenströ m macroglobulinemia may occur with other B-cell types and should be grouped as such when possible.
‡Heavy chain diseases share a single ICD-O-3 code, but the WHO classification considers ␥ heavy chain disease (associated with lymphoplasmacytic lymphoma), heavy chain disease (associated with CLL), and ␣ heavy chain disease (associated with EMZL, MALT) to be distinct. Such cases should be grouped with specific histological types when possible.
§ICD-O-2 codes 9680-9683 (excl. site C49.9), 9684(B), 9712, and 9688 can be categorized as DLBCL in hierarchical group 5, but should be excluded from analyses in hierarchical group 6. Angioimmunoblastic T-cell lymphoma 177 0.08 0. number of large cohort studies have ascertained lymphoma cases during follow-up over the last 10 to 15 years when multiple lymphoma classifications and versions of ICD-O were in use. Use of the proposed nested classification will not only resolve the variation in diagnoses within individual studies but also provide a guide for pooling data from different studies. A previous study evaluated the reliability of the SEER ICD-O-2 to ICD-O-3 code conversion algorithm for 2 groups of cases diagnosed during 1988 to 1994 and 1998 to 2000. 32 That study found an overall reliability of 77% for the translation of individual codes from ICD-O-2 to ICD-O-3, with substantially higher reliability for some codes than others. When the codes were grouped into subtypes, reliability was generally high (Ͼ 80%) for the major NHL subtypes, including DLBCL, follicular lymphoma, Burkitt lymphoma/leukemia, marginal zone lymphoma, CLL/SLL/PLL/ MCL, mycosis fungoides/Sézary syndrome, and peripheral T-cell lymphoma. We based our translation of cases coded in ICD-O-2 into the proposed nested classification on the SEER conversion algorithm, taking into account the findings of Clarke et al. 32, 40 For example, ICD-O-3 code 9675 (malignant lymphoma, mixed small and large cell, diffuse) was placed in the category NHL, NOS, in the proposed nested classification. Although this code has previously been considered DLBCL, it has been shown to be heterogeneous 13 and Clarke et al 32 demonstrated that it is poorly reproducible. With the availability of the SEER conversion algorithm and an assessment of its reliability, we believe that all cases classified in ICD-O-2 can be translated into the proposed nested classification.
Our data suggest that, in studies of predominantly white populations, cases classified by the Working Formulation as follicular lymphoma (Working Formulation categories B-D), diffuse large cell lymphoma (G), and lymphoblastic lymphoma (I) can be reliably translated into major NHL subtypes in the proposed nested classification, even without the incorporation of immunophenotype data. However, small noncleaved cell lymphoma (J) can only be translated into Burkitt lymphoma if strict pathologic requirements are met because of overlap between the morphologic features of Burkitt lymphoma and DLBCL 18, 41 ; many of these cases will require pathology review with detailed phenotyping to achieve accurate translation. Together, the cases that can be translated (Working Formulation categories B-D, G, and I) account for approximately two-thirds of NHL (excluding plasma-cell neoplasms, which typically were not included in studies of NHL conducted during the Working Formulation era).
The availability of basic immunophenotype data (ie, B-cell and T-cell typing only) for cases substantially improves the translation of the Working Formulation categories into the proposed nested classification in several ways. First, the availability of immunophenotype data increases the accuracy of translating some Working Formulation categories into specific B-cell NHL subtypes in the nested classification, particularly immunoblastic lymphoma (Working Formulation category H). Second, it allows the translation of some Working Formulation categories into certain specific T-cell NHL subtypes. Finally, the availability of immunophenotype data makes the nested classification applicable to all population groups, including Asians in whom T-cell and NK-cell lymphomas account for a larger proportion of cases compared with whites. [42] [43] [44] [45] In some studies, it may be possible to obtain tumor tissue blocks to conduct basic immunophenotyping. Our data suggest that the inclusion of immunophenotyping data would greatly benefit the translation of immunoblastic lymphomas (Working Formulation category H) into DLBCL and peripheral T-cell lymphoma. Immunophenotyping the diffuse mixed small and large cell lymphomas (category F) would also enable the identification of peripheral T-cell lymphomas, and those of B-cell origin could be further categorized by more detailed phenotyping. The same is true for the small lymphocytic (category A) and diffuse small cleaved cell (category E) lymphomas. Obtaining tumor tissue for immunophenotyping lymphomas from the other Working Formulation categories would be substantially less cost effective in predominantly white populations. Although immunophenotyping diffuse large cell lymphomas (G) would enable the identification of peripheral T-cell lymphomas in this category, diffuse large T-cell lymphomas are very rare compared with those of B-cell origin. Immunophenotyping did not result in substantially improved translation of the other Working Formulation categories (B-D, J) into the proposed nested classification in the predominantly white populations we analyzed. In more diverse or nonwhite populations, however, the incorporation of immunophenotype would be critical for the translation of cases classified in the Working Formulation into a WHO-based classification.
Conclusions
The scope of the nested classification is restricted to all malignant neoplasms of lymphoid origin. Thus, the nested classification excludes malignancies of myeloid origin, including histiocytic and dendritic-cell neoplasms (ICD-O-3 9750-9758), and lymphoid proliferations of uncertain malignant potential, including monoclonal gammopathy (ICD-O-3 9765), angiocentric immunoproliferative lesion/lymphomatoid granulomatosis (9766), angioimmunoblastic lymphadenopathy (9767), T-␥ lymphoproliferative disease (9768), and immunoglobulin deposition disease/systemic light chain disease/primary amyloidosis (9769). Due to the rare occurrence of these entities, their inclusion or exclusion should not substantially impact the analysis of lymphoid neoplasm subtypes in epidemiologic research. Abbreviations are explained in Table 1 . ϳ indicates statistic was not calculated when fewer than 10 cases occurred. *Incidence rates were age adjusted to the 2000 US population and are expressed per 100 000 person-years. †Includes both mature and precursor neoplasms. The WHO classification recognizes several immunodeficient states in which the incidence of lymphoid malignancies is markedly elevated, including primary immunodeficiency syndromes, HIV infection, and iatrogenic immunosuppression after organ transplantation or due to methotrexate treatment. 18 Each of these conditions carries varying prevalence of and risks for particular lymphoid neoplasm subtypes. Because etiologic pathways for a given subtype may be different for patients with concurrent immunodeficiency disorders than for those without such disorders, we generally advise excluding or separating them for epidemiologic study. However, stratification of these cases can be complicated by circumstances affecting the availability of information regarding concurrent immunodeficiency (eg, in cancer registry data). Although this scheme does not speak to the allocation of cases occurring in persons with immunodeficiency disorders, we hope that others will undertake Table 1 .
-indicates category cannot be assigned. *Small noncleaved cell lymphoma should be coded as Burkitt lymphoma only if the growth fraction is nearly 100%, CD10 ϩ , Bcl2 Ϫ , and proven or strong presumptive evidence of MYC translocation; otherwise code to DLBCL. Without these data, cases of small noncleaved cell lymphoma cannot be classified beyond mature B-NHL. 
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